Two predominant electropherotypes of bluetongue virus (BTV) serotype 11 isolates from cattle during a 198l-l984 field study in eastern Colorado were characterized. The genomes of strains isolated from the first 2 years of the study had 1 predominant electropherotype (CO81), with the exception of 1 isolate that differed only in the migration of segment 3. A second electropherotype (CO83), with differences in the migration of 4 segments, coexisted in the same region during 1983 and 1984 with strains having the CO81 RNA profile. The genomes of CO81 and CO83 were also distinguishable from those of the US prototype of BTV 11. Analysis of the polypeptides of representative strains of each electropherotype by sodium dodecyl sulfate-polyacrylamide gel electrophoresis indicated that the proteins were very similar. The occurrence of the CO81 electropherotype was apparently the result of multiple viral infections since the positions of 7 segments had faint second bands and single-banded variants were isolated after serial plaque purifications. In addition, protein 7 of 1 of the CO81 isolates and protein 7 of the single-banded variant differed as shown by reverse phase-high performance liquid chromatography of 35 S-methionine-labeled tryptic peptides.
Bluetongue virus (BTV), an arthropod-borne virus replicating in both Culicoides vectors and ruminant hosts, causes a disease characterized by fever, inflammation, and congestion of oral and nasal mucous membranes. Sheep, in particular, may suffer from a severe, fatal form of the disease; in cattle and goats, bluetongue is generally subclinical, and virus can frequently be isolated from apparently healthy animals. 2 There are 5 known serotypes of BTV in the US: 2, 10, 11, 13, and 17. 1, 7 In nature, more than 1 serotype has been isolated from the blood of a single anima1. 20 Serological data have been expanded by genomic analysis of BTV isolates. 3, 8, 12, 18 Genomic variation among naturally occurring BTV, as with other members of the family Reoviridae, has been demonstrated by electrophoretic separation of the 10 double-stranded RNA genomic segments. Concurrent polypeptide analysis has also established translational significance of observed genomic differences. 3 It has been shown that viral strains of a single serotype, exhibiting more than 1 electropherotype, may coexist within a single animal or herd. 3, 16 In addition, predominant electropherotypes have been shown to change during the course of a single bluetongue outbreak. 3 We report here the genetic transitions of BTV Received for publication May 20, 1988. infecting domestic ruminants in eastern Colorado over a 4-year period and the continued predominance of an electropherotype apparently resulting from multiple infections.
Materials and methods
Viruses. Blood samples from ruminants were collected yearly from May through September 198l-l984. Bluetongue virus field strains were isolated from heparinized blood collected from individual cattle, sheep, and goats. Isolations were made by intravascular inoculation of 11-day-old embryonated chicken eggs (ECE) with 0.2 ml of a 10 -l dilution of blood. 6 Embryos that died between 2 days and 1 wk postinoculation were homogenized and inoculated onto BHK-21 cells. Two additional blind passages were made on BHK-21 cells. The BTV isolates were serotyped by the disk plaque inhibition assay. 19 The BTV serotype 11 prototype used was the Station strain, Texas.' Serial plaque purifications were done in 24-well plastic plates using Vero (Maru) cells.
Electropherotype analysis. Isolates used for electropherotype screening were not plaque purified. The strains used as prototypes of the predominant electropherotypes were plaque purified at least 3 times before use. Viral RNA was extracted from BTV-infected BHK-21 cells using phenol in sodium acetate buffer, pH 5. 3 The electropherotype of each isolate was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on 10% gels. 3, 13 As a reference electropherotype, genomic RNA from the US prototype of BTV 11 was coelectrophoresed in lanes adjacent to each RNA sample. The RNA segments were detected by silver staining. 3 Comparative SDS-PAGE analysis of viral proteins. Proteins were compared by SDS-PAGE to determine if differences in the electrophoretic mobility of translation products of the double-banded genome segments were detectable. The strains used for protein analysis were plaque purified at least 3 times. Infected cell lysates were labeled in vivo with 3 Hleucine. a,3,10 Labeled viral proteins were separated by SDS-PAGE as described above and identified by fluorography.
Reverse phase-high performance liquid chromatography
(RP-HPLC). Proteins were labeled with 35 S-methionine, and the NSl and 7 protein bands were separated as described. 10 The RP-HPLC procedure was similar to that described." The protein bands were treated with TPCK-trypsin b and approximately 50,000 cpm of the labeled tryptic peptides were added to a precolumn c and a C 18 reverse-phase liquid chromatography column. d Two-milliliter fractions were eluted with a 0% to 60% acetonitrile buffer and counted on a scintillation counter.
Results
Electropherotype determination of the genomes. Of the 162 BTV isolates studied, 161 were found to be serotype 11 and 1 was serotype 17. The BTV 11 strains isolated during this period were characterized as 2 electropherotypes, designated CO81 and CO83 types. The RNA profiles of these and of the BTV 11 prototype are shown in Fig. 1 . The electropherotype of the viruses collected in 1981 and 1982 was predominantly the CO81 type. The CO81 RNA segments 3, 5, 7, and 8 each had a second faint band when SDS-PAGE was carried out at 16 mA for 30 hr (Fig. 1 ). Each pair appeared to have the same molar ratio in all of the CO81 types. No animal was found that had more than 1 electropherotype. Both electropherotypes were found in sheep and cattle. The electropherotype of 1 of the 10 isolates from 1981 differed slightly from CO81 in the migration of segment 3, which migrated slightly faster than the corresponding segment of the predominant 1981 electropherotype (data not shown). The CO81 and CO83 are genetically distinct viruses since the migration of segments 1, 2, 3, 7, and 10 differed. The segments of CO83 and the US prototype of serotype 11 were single-banded when electrophoresed under identical conditions. The electropherotype of prototype BTV 11 differed from CO81 in the migration of segments 2, 8, 9, and 10, and from CO83 in the migration of segments 1, 3, 7, 8, and 10. The diffuse bands between segments 7 and 8 are not genomic RNA since they cannot be labeled in vivo with 3 H-uridine or inorganic 32 P, or in vitro with 32 P-pCp and T4 RNA ligase. To improve the resolution of the double-banded RNA segments in the CO81 electropherotype, the genomes of several isolates with the CO81 type were examined after electrophoresis for 48 hr at 16 mA (Fig.  2) . When the RNA of several isolates was run for the additional 18 hr, segments 2, 4, and 6 were also found to have double bands (Fig. 2) .
Comparison of the genomes of plaque-purified variants of CO81 and the CO81 parental strain. To de-
termine if the double-banded CO81 stocks contained more than 1 strain, 2 isolates from 1982 with the CO8 1 electropherotype (isolates 202020 and 202071) were serially plaque purified 6 times. The genomic segments of 3 resulting 202020 variant strains (BAE, BAA, and BAC) were compared to the parental CO81 and were found to be single-banded ( Fig. 3) . Moreover, the electrophoretic mobilities of the genome segments of BAE, BAA, and BAC were indistinguishable from each other. The BBE and BBD variants of 202020 were intermediate between the parental 202020 and the singlebanded BAA, BAC, and BAE strains. The BBE and BBD electropherotypes had double bands only in the location of segment 8, and had only 1 band at the location of the remaining segments, including 3, 5, and 7, which were double-banded in the 202020 parent stock. The BBE and BBD differed from each other only in the apparent molar ratio of the double bands of segment 8. All 5 variants were derived from a common plaque after the fourth purification. The 3 complete single-banded variants came from a common parent after the fifth plaque purification, and the BBD and BBE strains came from a second variant after the fifth plaque purification. Genome segments of plaque purified strains from the second field isolate (202071), as well as additional strains derived from 202020, remained identical to the double-banded CO81 parental isolate even after 6 serial purification steps.
Comparisons of the BTV polypeptides. Comparisons were made among the radioactively labeled polypeptides encoded by the US BTV 11 prototype, a CO81 isolate (202020 with double-banded segments), a C083, and plaque-purified variants (derived from the 202020 isolate). Although the viral proteins from infected cell lysates were similar (Fig. 4) , there were minor differences, such as the appearance of a double band at the location of viral protein 7 of the CO81 strain, which had a double band in segment 7. The 2 bands at protein 7 probably do not reflect the double-banded nature of the genome segment 7 since a second protein band at this position could not be discerned in the profiles of the other viruses, including 202071 (which also exhibited a double-banded genome segment 7). There was also a minor difference between the migration of the NS1 protein of CO83 and the other viral stocks. Under the conditions of this study, the NSla protein band could not be detected for the CO83 strain.
The RP-HPLC profiles of the NSl tryptic peptides from 202020 and BAE were similar (Fig. 5 ). Although the peptides of protein 7 of 202020 and protein 7 of BAE were similar, obvious differences could be seen in the RP-HPLC profiles (Fig. 6) , indicating that the viral source of BAE differed from that of 202020.
Discussion
The genetic transitions of BTV serotype 11 isolates made during a 198l-1984 field study were determined by SDS-PAGE of the BTV genomes. An atypical CO81 BTV electropherotype, which occurred apparently as a result of multiple infections, predominated in this region during 1981 and 1982. In addition to the CO81 type, isolates of BTV 11 were characterized by a second electropherotype, C083, which appeared in 1983 and 1984. Two variants of serotype 2 isolated from single animals and designated as Ona A and Ona B based on their electropherotypes coexisted in a herd of cattle in Florida. 3 Ona B of BTV serotype 2 has since been isolated in Florida and appears to predominate in the southeastern US. l4 Although both CO81 and CO83 have subtle differences from the prototype of serotype 11, the CO81 electropherotype consists of multiple viruses as indicated by the presence of double bands at several segments. Proteins NSl and 7 of 202020 (a CO81 isolate) and the corresponding proteins of the single-banded BAE (derived from serial plaque purifications of 202020) were examined by tryptic peptide analysis. These proteins have been reported to be coded by segments 6 and 7, respectively, 9,15 which were both double-banded in 202020. The tryptic peptide analysis of protein 7 of BAE and the 202020 parental strain indicated there were differences in the proteins of the 2 strains. The 2 bands at the protein 7 region of the CO81 protein gel probably do not reflect the double-banded nature of its genome segment 7 since a second protein band at this position could not be discerned in the profiles of the other viruses, including 202071 (which also exhibited a double-banded genome 7). Double-banded electropherotypic profiles of BTV have been isolated. l6 Variations in viral electropherotypes were found in strains isolated from individual cattle at weekly intervals. The heterogeneity of these viruses was attributed to mutations or segment reassortment having occurred between coexisting strains. The results of in vitro reassortant studies of BTV and in vivo studies of apparently naturally occurring reassortants 4, 10 predicted that reassortant strains with various electropherotypes could be generated from multiple infections of a single animal. This has been shown to occur experimentally in dually infected ruminants. 17 Our results differ from those of Oberst et al. 16 in that the double-banded electropherotype reported here was stable over a period of 4 years. In the present study, single-banded variants of the doublebanded electropherotypes could only be isolated after extensive serial plaque purifications, and reassortant strains could not be demonstrated in ruminants. The stability of the CO81 complex in nature would suggest an interdependence of the viruses making up the CO81 electropherotype that should be tested in experimentally infected animals.
Similarities indicated by the RP-HPLC analysis of the tryptic peptides of protein 7 and the NSl proteins of segment 7, as well as similarities in the mobilities of the genome segments and proteins, suggest that BAE and 202020 are closely related. Variants resulting from either deletions of segment 9 of Ibaraki virus, or concatemeric forms of segments 10 and 9 of a BTV 21 strain and Bunyip Creek strains, respectively, have been described. 5 Minor deletions could account for the relatively small differences in the electrophoretic mobilities of the CO81 segment pairs creating variant strains. However, although such mutations explain possible genetic fluctuations and the appearance of multiple infections, they do not explain the continued presence (i.e., stability) of the viral complex resulting in the double-banded electropherotype.
